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Relay Assembly Line 
Ahmed Jajfar & Noriah Yusoff 
Faculty of Mechanical Engineering, University Teknologi MARA, 
40450 Shah Alam, Selangor Darul Ehsan 
ABSTRACT 
The most important basic task in any robotic assembly line where industry 
tend to ignore is the pick and place operation. Generally, the pick and place 
operation consists of guiding the robot s arm or manipulators to the targets 
position, picking up or releasing objects and moving the objects to new target 
locations using a specially designed or off the shelve grippers. Grippers are 
end-effectors used to grasp and hold objects for a particular assigned task. 
Despite the fact that robotic grippers' studies are a mature subject, yet it is still 
a rewarding area for research development, especially to the manufacturing 
industry. This paper describes the development of a new gripper for the pick 
and place of a relay assembly line in an electronics manufacturing company. 
The research findings are based on case study conducted at the local electronic 
company. The present assembly operation in one of the station of the identified 
electronic parts is still done manually. CAD/CAM software was exploited 
extensively to model a geometrical design of the robot gripper. The gripper s 
performance was examined by studying the gripper force and control analysis. 
With the analytical study of the gripper parameters required to meet the design 
specifications of the product, a prototype of the robot gripper was fabricated. 
Financial and production analysis in terms of cost comparison before and 
after the implementation of the new pick and place set-up was also carried out 
to examine the viability of the project. The final results shown that it can have 
a significantly increased in productivity, revenue and profit to the company if 
it is to be implemented at the plant. Implementation of this will also creates 
flexibility in the assembly line setup for further development to a fully automated 
relay production line. 
Keywords: Gripper, pick and place robot, design, control 
Introduction 
Sophisticated technology, for a majority of manufacturing activities in fabrication, 
forming, machining and assembly facilities, will be a significant contributor to 
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productivity improvement with substantial gains in the quality of products in the 
face of tough challenges and competition. An organized approach is necessary to 
decide the right technology orientation for producing the end products with high 
levels of durability and reliability at the lowest possible price. Nowadays, robotics 
technologies play an important role in revolutionizing these activities. Nevertheless, 
the robotics technology and line automation are always synonym to each other 
and the fusion of these two is always the ultimate objective in any manufacturing 
organizations. The importance of robotics technology and automation in industry 
are much highlighted by Groover [1,2] and James A. Regh [3]. 
For industrial applications, the capabilities of the basic robot must be 
enhanced by means of additional devices. Robot's end-effector that attached to 
the wrist of the robot arm is a device that enables the general-purpose robot to 
grip objects. End-effector either grippers or tools play a key role in performing 
the entire robots tasks [4]. In this paper, the research will focus on developing a 
new gripper for the pick and place robot for the electronic parts assembly process 
at the identified premise. 
Gripper must be capable of holding the required objects so that safety is 
assured under all operating conditions. Usually the gripper must be custom 
engineered for the particular task that is to be performed. This can be accomplished 
either by designing and fabricating the device from scratch, or by purchasing a 
commercially available device off the shelves that suits to its application. The 
new flexible gripper was geometrically designed and modeled using CAD/CAM 
software, CATIA V5R13. The gripper force analysis was performed to examine 
the grasping configuration and control by taking into consideration the following 
issues; weight of the object; the speed of acceleration and deceleration of which 
the robot arm moves; physical constriction or friction used to hold the part; 
coefficient of friction between the object and the gripper fingers. The outcome 
of this design creates flexibility in the line setup; increase the productivity without 
compromising its quality, nevertheless changes the overall image of the assembly 
line into a Flexible Line Manufacturing. 
Related Works 
Pick and place robot basically has been developed to perform simple task line 
picking up of small parts at location and placing them to another location. Specific 
applications are: to perform repetitive tasks of picking and placing components 
in an assembly area, to perform operation in hazardous area e.g. nuclear reactor 
and to perform operation where great accuracy is needed for placement of parts. 
The end-effector or commonly known as robot hand, mounted on the wrist 
enables the robot to perform specified tasks. It can be a pair of pneumatic grippers, 
a set of multiple grippers, a magnetic pick-up and a vacuum pick-up. The schematic 
diagrams of mechanical grippers are as shown in Figures 1.0 and 1.1. 
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WORKPIECE 
INTERCHANGEABLE 
FINGERS 
GRIPPER 
Figure 1.0: Mechanical Gripper with Figure 1.1: Mechanical Gripper 
Interchangeable Fingers Used to Transfer Part 
Causey [5], described guidelines for the design of grippers for use in modular 
manufacturing workcells. He presented three categories of guidelines which can 
be applied to a wide variety of grippers: i) those that improve system throughput, 
ii) those that increase system reliability and iii) those that decrease cost. He 
concluded that, design of the gripping system is very important for successful 
operation of a workcell and well designed grippers can increase throughput, 
improve system reliability, compensate for inaccuracy in the robot itself and 
perform value added functions to the assembly workcell. 
In a similar study, Boubekri and Chakraborty [6] reviewed in their research 
findings that the robot is able to perform a task adequately only when a proper 
tooling and adequate method of grasping is assigned to it during handling of a 
work piece. The design of such task requires an in depth knowledge of several 
interrelated subjects including: gripper design, gripper control methods; force; 
position; stiffness; compliance and grasp configuration. 
Payandeh and Saif [7] discussed on the grasping forces between a gripper 
mechanism and the position of the grasped object. These grasping forces are 
important to be addressed appropriately when grasping fragile objects. 
In Netherlands, significant work has been done in which a flexible gripper 
was developed for the application in the flexible assembly line. Baartman and 
Storm [8], developed a 234-gripper (two-degree-of freedom three-finger gripper) 
for the assembly line. The gripper is equipped with many sensors to work in 
unstructured environment. A software tool is developed to automatically generate 
an assembly program for each part to be assembled. 
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Case Study 
The case study subject is a local electronic parts assembler, producing electronic 
parts mainly for domestic and export market. The location of the factory is in 
Kang Valley, Kuala Lumpur. There are six Main Assembly Lines available in this 
factory which is referred as Assembly Line-1, Line-2, Line-3, Line-4, Line-5 and 
Line-6. For the purpose of this project, the study only focused at Casing Insertion 
Station, particularly in the Main Assembly Line-1. Figure 2.0 illustrated a schematic 
layout of the Main Assembly Line-1. The Sub-Assembly Line which is illustrated 
in the Figure 2.0, assembled parts to be fed to the relevant main assembly lines. 
The Main Assembly Line-1 is dedicated to a single product line. The process 
has fourteen (14) operations and it is staffed by five operators. Thirteen (13) out 
of the total operations are already automated, except for the Case Insertion 
Operation is still manned by five workers. Figure 2.1 is the schematic layout 
showing the location of the Case Insertion Station in the Main Assembly Line-
1. Since the case insertion process is still done manually, it creates a bottleneck 
in the production line, consequently, the line productivity and production 
efficiency is affected. To overcome this problem, a pick and place robot is to be 
introduced to this Case Insertion Station. Hence, a new gripper was designed 
and fabricated to perform an automated case insertion operation. 
Development of the New Pick and Place Robot Gripper 
Designing the New Robot Gripper 
The design of gripping system is clearly not a trivial task, yet even more crucial 
than other component of an overall assembly system. Choosing the right gripper 
to perform their function is really a challenge. Design parameters for end-effectors 
have been mentioned in many textbooks and proceedings, [6, 8-10] and also 
some authors specifically highlighted the design methodologies especially 
guidelines for effective grasping [5,11,12]. For this new flexible gripper design, 
the following factors are taken into consideration; the part surface to be grasped 
is reachable and not enclosed within a chuck or other holding fixture; the size 
variation of the part; potential problem of scratching and distorting the part 
during gripping; the weight of the object; the speed and acceleration of robot 
arm moves; physical constriction; and the coefficient of friction used. In addition 
to these requirements, the nature of the operation must also be taken into account. 
Having analyzed the method of the case insertion operation critically during the 
on-site studies and considered all the requirements pertaining to the gripper 
design, a mechanical type gripper with parallel fingers actuated by mini pneumatic 
cylinders for the linear movements was chosen for this design. The isometric 
view and the detail drawings of the new pick and place robot gripper is as 
illustrated in Figures 3.0 and 3.1. The linear movements can be accomplished 
during the fingers open and close by means of guide rails, allowing each finger 
base sliding along the guide rails during actuation. 
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Figure 2.0: Schematic Layout of Electronic Parts Assembly Line-1 
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Figure 2.1: Schematic Layout Shows the Location of the Studied Area 
(a): Gripper Release (b): Gripper Grasp 
| 0 | | o 
(c): Gripper Grasps the Object 
Figure 3.0: The New Pick and Place Robot Gripper Designed as Illustrated in 
(a), (b) and (c) (Powered by CATIA V5R13) 
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Figure 3.1: Detail Drawings of the New Pick and Place Robot Gripper 
Building the New Flexible Gripper 
In this design, two fingers are sufficient to hold the parts and a stainless steel 
material was used to fabricate these fingers. Generally, most electronics parts are 
very light and the variation of sizes and shapes are also not really discernible 
from circular end to rectangular end design. The fingers are supported and 
actuated by two spring joints. These spring joints are connected to a guide 
shaft, which is mechanized by a pneumatic system. When the air inlet valve 
open (supply in), the guide shaft will be driven up and actuates the two fingers 
in an opening position or releasing parts. In reverse, when the air outlet valve 
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open (supply out) the guide shaft will be driven down and actuates the two 
fingers in gripping position or picking up parts. This new flexible gripper device 
is equipped with a tactile array sensor in order to provide the following 
characteristics: able to detect the presence of an object; determine the objects 
contact area, shape, location, and orientation; determine the pressure and pressure 
distribution and; determine the force magnitude and location. To complement 
this setup, a Cartesian type pick and place robot was chosen to be installed in 
the case insertion operation station. The Cartesian pick and place robot was 
chosen because of its linear movements capability which are fast and accurate, 
excellent repeatability and highly recommended for precise assembly task. 
Gripper Force Analysis 
The function of the gripper mechanism is to convert input power into the required 
motion and force to grasp and hold the object. The magnitude of the required 
input power must be determined in order to obtain the gripping force. Once the 
gripping force is established, the required actuator force or torque can be 
calculated for a given gripper design. Our study will be based on the mentioned 
required parameter requirements to grasp an object. In grasping of relays, a 
certain amount of force is required that will determine and control by the tactile 
sensor embedded at the end-effector body to ensure that the relay will not slip. 
The theory of calculating this required force will be highlighted below. Figure 4.0 
highlighted the basic idea of gripper enclosing the target object just to 
demonstrate the need of object grasping and showing the gripping force theory 
that follows it. 
Figure 4.0: Basic Idea of Gripper Enclosing Object to be Grasped 
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Figure 4.1: Illustration of Force Against Part to Finger Surfaces of a Parallel 
Gripper Device 
The weight or mass of an object and frictional force is an important parameters 
consideration in grasping of an object as shown in Figure 4.1. 
The gripping force is calculated using this equation: 
= mg sin 6 
Where m = Mass of the object, m 
g = gravity acceleration, m/s2 
H = coefficient of friction 
0 = angle subtended with the horizontal 
n = number of pairs of contact surface 
The gripper force for the new designed flexible gripper can be computed 
from the data obtained as follows: 
Mass of product (relay) = 11 g 
Gravity acceleration = 9.81 m/s2 
Angle subtended with the horizontal, 0 = 9(f 
Coefficient of friction between 
Gripper finger (steel) and product (plastic)*, /x =0 .5 
Number of pair, n = 2 
*Based on the gripper selection table by Walsh, S., Gripper Design, Guideline 
for Effective Result [12] 
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Therefore, the gripping force of the new flexible gripper is: 
mg sin 6 
jun 
_0.011£gx9.81m/s2xsin900 
8
 ~ 0.5x2 
F =0.108iV 
The Cartesian Type Pick and Place Robot 
There are typically two types of joints which interconnected the links; prismatic 
joints (P), which exhibit sliding or linear motion along an axis and re volute joints 
(R) which exhibit rotational motion about an axis. The Cartesian-coordinate robot 
has the configuration of (PPP) at three major axis of; axis 1; axis 2; and axis 3. An 
example of a Cartesian -coordinate robot is as shown in Figure 5.0. The three 
sliding joints correspond to moving the flexible gripper up and down, in and out, 
and back and forth. 
Figure 5.0: Cartesian Robot with Respect to the Following Axis 
x - Horizontal, left and right motions 
y - Horizontal, forward and backward motions 
z - Vertical, up and down motions 
The Control Method 
Another criterion need to be considered in any robotics application is the method 
used to control the end - effector or tool, and in this case is the flexible gripper. 
The control theory behind this as demonstrated by Schilling R.J.[13] and Mittal 
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R.K. et al. [14] shows the kinematics part of the movement of the pick and place 
robot and how it is to be computed theoretically. Analyzing this movement will 
allow us to determine the unload or at its target destination co-ordinate points. 
There are two basic types of control method for various robotic applications, 1-
point to point motion and 2-continuous path motion. For this case study purposes 
the point to point motion was adopted. The application to be applied in this 
kinematics point to point motion showing the co-ordinates axes are the pick and 
place operation in transferring of component parts for the electronic relay 
assembly line. 
<h 
? <*1 (Frame 1) 
Y3 
{3} 
p 
(Frame 3) 
Figure 5.1: A Three Degree of Freedom (3-DOF) Manipulator Arm with 
Cartesian (PPP) Configuration 
Kinematics Analysis 
The kinematics modeling of the manipulator is to determine the position and 
orientation of the flexible gripper in this case study. The followings are the 
mathematical model of the kinematics movement using matrix transformation 
based on the Cartesian (PPP) Configuration and its angle-axis representation as 
shown in Figure 5.1. The equations computed are derived from Mittal R.K. et al. 
[14]. 
Basic rules to determine the link parameters are as follows: 
a Is the distance from Z. to Zi+1 measured along axis X. 
a, Is the angle between Z and ZM measured about X. 
d| Is the distance from X._, to X measured along Z
 t 
0j Is the angle between XM to X measured about ZM 
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Table 1: Joint-Link Parameters for the Cartesian (PPP) Manipulator Arm 
Link-i 
1 
2 
3 
a. 
i 
0 
a 2 
0 
a 
i 
0 
90° 
0 
d 
i 
d, 
0 
d3 
e. 
0 
0 
0 
% 
d 
a 2 
d3 
C0. 
1 
1 
1 
se 
i 
0 
0 
0 
Ca 
i 
1 
0 
1 
Soc 
i 
0 
1 
0 
Basic Link Matrix Transformation or Denavit-Hartenberg (D-H) notation Matrix 
is: 
i-lf
 = 
ca 
Sft 
0 
0 
-sepx 
cepx 
Sa 
0 
Ca 
-casa. 
Ca, 
0 
aca 
«,se, 
d. 
1 
(A) 
The transformation matrices are obtained by substituting the values of the 
joint link parameters in every frame into equation (A). Therefore, the three 
transformation matrices are: 
T.Cd,) = 
"W = 
2T,(dJ = 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
G 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
-1 
1 
0 
0 
0 
1 
0 
0 
0 
d, (1) 
3 2 
0 
0 
1 
(2) 
0 
0 
1 
(3) 
Each of the above transformation matrices is a function of only one variable, 
the displacement variable for the link. The forward kinematics model is obtained 
by combining the individual transform matrices in equation (B). 
°T= %(qi) *w "W (B) 
38 
Pick and Place Robot Gripperfor Relay Assembly Line 
Thus, °T3 The transformation of the flexible gripper frame, frame (3), with 
respect to the base frame, frame (0) and link frame, frame (2) is obtained by 
substituting individual matrices, Eqs. (1), (2) and (3) in Eq. (B). The final result 
after simplifying is: 
°T = °T • *T • 2T °T,= 
1 
0 
0 
0 
0 
0 
1 
0 
0 
-1 
0 
0 
-d, 
1 
(4) 
The transformation matrix TE for the end-effectors (in this case the flexible 
gripper) with respect to the coordinate frame {n, o, a) is written as, 
Tc = E 
r 
n 
X 
n 
y 
n 
t 
: o 
0 
X 
0 
y 
0 
z 
0 
a 
X 
a 
y 
a 
z 
0 
d 
X 
d 
d 
i 
1 
(Q 
Thus, overall transformation, Eq. (4), is equal to the end -effectors 
transformation matrix (T ), Eq. (C), and the direct kinematics model in matrix form 
is: 
T E = 
n 
X 
n 
y 
n 
0 
o 
X 
0 
y 
0 
z 
0 
a 
X 
a 
y 
a_ 
0 
d] 
X 
d 
y 
dz 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
-1 
0 
0 
-d, 
1 
(5) 
This kinematics model also can be expressed by 12 equations as follows: 
n = 1 o -0 a = 0 d = GL 
n = 0 
y 
o=0 
y 
n =1 o =1 
a =-1 
y 
a =0 
d =-d, 
d-d. 
(6) 
From the Eq. (5) or Eq. (6), the orientation and position of the flexible gripper 
can be determined based on the given values of displacement variables d , a2 
and d3 at any instance of time. 
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Results and Discussions 
Production Throughput Comparison 
To assess the new improved setup in the casing insertion station, the production 
throughput of the robotized system was compared against the actual production 
figure for that operation. Table 2 shows the manufacturing setup of the present 
method as compared against the new improved (Robotized) method. Based on 
this setup the calculation of the production throughput was obtained. 
Table 2: Manufacturing Setup of Present Method and New Improved 
Setup at Case Insertion Station 
Items 
Output/day 
Working hrs/shift 
No. of operator/shift 
No. of shifts/day 
Cycle time (sec.) 
Line efficiency 
Line automation 
Industrial robot 
Present Setup 
7331 units 
7hrs 
5 operators 
2 
5.5 
80% 
nil 
nil 
New Improved Setup 
13,903 units 
7hrs 
1 operator 
2 
2.9 
80% 
yes 
yes 
The production output results are tabulated in Table 3. The actual production 
output data was obtained from the production record of the present manufacturing 
setup in the case study location. At present, the production output at case 
insertion station which is running at 80% production efficiency is 7,331 units per 
day. Since the case insertion station is the bottleneck operation in the overall 
manufacturing line setup, assumption was made that the overall production 
throughput is according to the case insertion station throughput. The calculated 
results indicated that the new improved setup can achieve a production 
throughput of 13,903 units per day at 80% production efficiency. These 
calculations are based on two shifts production running in one day. The 
production volume of the new improved setup has also increased notably by 
2.17 million units per year, which is 89.6% higher than its present setup production 
volume. With this excess capacity gives the advantage to the case study company 
to capture more business opportunity. Hence, more sales can be generated; 
subsequently it will be reflected in the net profit gained through this new improved 
setup. 
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Table 3: Production Throughput of Present Setup versus New 
Improved (Robotized) Setup 
Assembly Setup Present New Improved 
Throughput at 80% Line Eff. 7331 13,903 
(units/day) 
Productivity Time at 80% Line 34.4 3.6 
Eff. (sec/unit) 
Production Volume/Year 2,419,296 4,588,056 
Cost Comparison 
The cost comparison was carried out to demonstrate the cost effectiveness and 
its differences between the present setup and the new improved setup. 
Table 4: Cost Comparison between Present Setup and New 
Improved (Robotized) Setup 
Annual Cost Based on Total Revenue/Year Production Cost 
1,935,437 units/year (Annual Profit) (RM) (RM) 
Present Setup 1,091,994 1,811,160 
New Improved 2,162,498 740,656 
(Robotized) Setup 
The cost comparison as shown in Table 4 explains that with the new improved 
setup, the net annual profit based on 1,935,437 units per year requirement has 
accelerated tremendously by approximately RM1.07 million which is 98% increase 
from the present setup and the prorated payback period is thus 1.18 years which 
is approximately 15 months to recover the net investment put up for the project. 
Conclusion 
As has been indicated in this research a huge potential gained can be achieved 
in production volume, revenue and profit through the application of the pick and 
place robot gripper for the case insertion manufacturing operation in this 
electronic relay assembly line. The exploitation of CAD/CAM software (CATIA 
V5R13) provides the means to explore into detail design of the new gripper, 
which is to be incorporated in the setup. 
The production and financial analyses results reflected that, when the number 
of production unit per year increased, the sales opportunities that are available 
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in the market can be secured accordingly. Simultaneously, when the production 
cost per unit price reduces, the profit per year will also increase significantly. 
The final outcome of this research project summarizes that the installation of the 
new pick and place robot gripper to the case insertion line will not only allow the 
company to secure more business opportunity but it also creates flexibility in 
the manufacturing line setup for increased production requirements and readiness 
for future market diversification. 
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